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BLISTER AGENTS 


—=- — ree an 


Blister agents are primarily chlorinated organic compounds ofren ron- 


taining sulphur and nitrogen. Some can be classified as chlorimated anines. 


cides and herbicides. Blister agents irritate and/or poison cells in the 


eyes, lungs and skin. Effects are usually somewhat delayed (several hours) 
' There is very little immediate pain upon contact. The agent causes severe 


nose and throat irritation, eye damage, and skin blistering and swelling. 
b z 


| 

| 

Blister agents and nerve agents fall into the same classes as many pesti- 
| 

| 

| 

| 

\ 

| 

| shows in Tabie 1. Blister agents include mustard (5-6 types), phosgene oxime 
| (CX), amd Lewisice (i). Mustard was used during World War I. Many of che later 
blister ager<s are odorless. The duration of effectiveness varies from 


agent to agent. 


The concentration at picaas minor physiological effects begin is geo- 
erally taken to be 4 4 ug/en* for mustard agent HD “(Reference 1). 


| 
| 
1 
| 
When death occurs, it is usually the result of infection. Lerhal doses are - | 
| 
| 


2. Mit-stp- 282,” Filter Units, Protective Clothing ’ Gas-Mask 
Components and Related Products : PerferSnance Test 
ds, " Department of Defense , ae Pay S956 ar FR 
change 2 dated 3 December 1974. 
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: Nerve agents can be referred to as organophosphorus compounds. 


833 They are extremely toxic and fast acting, as shown in Table 1. oA fev | 
ts tens of milligrams of liquid agent can cause death in less than 15 min- : 
ya : 22 | utes. Very sainute concentrations around the eve will lead to marked 
333 miosis. The nerve agents enter the body through the respiratory system, 
ee | the eves, or exposed skin. Both liquid and vapor forms,rapicly penetrate 
ie: the Skin. Nerve agents act by upsetting the balance between the swmpather- 
* : : ic and parasycpathetic nervous svstems, resulting in convulsions, coma, 
and death. Some examples of nerve agents are tabun (GA), sarin (GB), 
. | soman (GD) and agent VX (or VR55). Nerve agents have a relatively long 
éuration of effectiveness (days as opposed to hours). Agents like VI 
‘are absorbed by vegetation and can have long-term effects. @ 


The concentration ac which minor physiological effects begin is gen- 
erally taken to be 4 ug/em? for agent VX (2). For years, the maximm 
acceptable concentration for GB vas set at 1.25 ug/c2? (1), and a size 
ilar value was assumed for thickened GD (2). However, tests conducted 
in 1977 indicate that concentrations of GB as high as 4 to 5 ag/on* pre- 
clude physiological effects, and 10 ug/ca* can de used as the break point 


for GB if a slight cholinesterase despression can >e tolerated (3). ! 


(2) Me rath Anna 5. petal, " Svaluardn of Candidate Spent 

Prevechve Materials” for Use by Ante! States Air force — 

Fersenne/ (u),” US. br Chemical Systems Laberarory Hee 

ARCSL-SP- 79006 , AdbC/TEESL, April 1179, Conficlenkia/ | De 
|e 


' (3) Jaynes, Capt. ae N., ” Report eof Active Duty Trainings” OF, | | 

DRDAR-Quw- eerse A thief, Individual Prete Pranch, i a 

| and Chief Phy ey Pre chon bg to aga Personnel 7 ; 

and Foree. Deralapmeck, U.S. Remy Chemical Systems ta bora tory) - 
\ 17 Tune 1977, ss 
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BLb0D AGENTS 


Blood agerts prevent transfer of oxygen from the blood to the body 


tissue. Death occurs as a result of interference with the liver, kidnevs 


Blood agents include hydrogen cyanide (AC), cyanogen chloride 


and lungs. 
Blood agents cust be disseminated as a gas. They 


(CK), amd arsine (SA). 
are absorbed into the body primarily by breaching, and have a short effec- 


a ee ee. 
tiveness duration. — 4 Hydrogen cyanide may cause death within 15° 


Arsine, on the other hand, my take anywhere from several hours 


cinutes. 
to several weeks to develop maximum effects. Lethal doses are summarized 
in Table 4% 0 os 4s, At sek aie 
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| | CHOKING AGENTS 


Choking agents can be characterized in general terms as halogenated 
| compounds of a type that readily hydrolize in the presence of noisture 
in the resoiratory system to fora hydrochloric acid, thus irritating and 
inflaming the nose and throat membranes causing swelling. The lungs fill 
with fluid. Deach occurs from lack of oxygen. Lethal doses are given in 
Table 1, Examples of such agents ar. phosgene (CG) and dipnosgene (DP). 
Phosgene was used extensively in World War 1. Ac least 80 percenc of the 
chemical agent fatalities in this war were caused by phosgene. It has a 
low persistence rating. A delay of three or four hours will typically 
occur between exposure and the onset of disabling symptoms for the concen~ 
; trations expected on the dattlefield. Most deachs will occur within 24 
hours. The choking agents must be disseminated as gases to be effective 


since they enter the body primarily through the respiratory svstea, 


a ete ve memes ee ae ee ee ce nee = 
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TABLE ¢. CREMICAL AGENT LETHAL DOSES : 


Exposure Median Lethal Sr aee 
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H e@ RD distilled custard Ishalacion 1,500 
. teat Skin absorption 10, 000 
pi © EN-3 aftrogen mustard Inhalation 1,500 
Ps “i , : ' Skin absorption 10,000 (esr) 
x 
' e L lewisice nhalation 1,200-1,500 
| Skin absorption 100, 000 
Nerve Ageats 
e GA tadun Tahalation (resting) 400 
e GB sarin Ivhalation (rescing) 100 
(zild activiry) 70 
e GD soman Inhalation (resting) G3-Ga range 
~ | Blood Agents: 
Oe * AC nydrogen cyanide Inhalation wide variatioa wich 
! : coutentration y 
. 2,00 for y = 200 nel 33 
4,500 fox y = 150 cg/a4 
« @ cyanogen chloride Inhalation 11,000 
« SA arsine Tahalation 5,000 
Choking Agents 
e CG phosgene Inhalation 3,200 
e DP dishosgene inhalacioa 3,200 
ie Z-2s “Mm: Ktacy Chemistry and Chemical Agents, 
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SOUTHWEST RESEARCH INSTITUTE 
SAN ANTONIO, TEXAS ; : 


MUNITIONS STORAGE CONCEPTS FOR USE IN FLAT TERRAIN 
i ; FACILITY CONCEPTS . ; : 


INTRODUCTION 


This facility concepts study has been prepared under a subcontract agreement 
with Southwest Research Institute in conjunction with their project to develop 
munitions storage concepts for use in flat terrain for the Department of the | 
Army, Construction Engineering Research Laooratory at Champaign, Iinois. . } 


; The diagrams, descriptive narratives and other information contained in this 
| : report present six conceptual solutions for a weapons storage facility in flat 
| terrain based on criteria and guidelines provided by Southwest Research 
Institute, including blast wall design data and chemical hazard control 
meusures. Close coordination vetween the Southwest Research Institute and 
Bernard Johnson Incorporated project teams has been maintained to evaluate all 
conceptual solutions and ideas for feasibility of construction as well as for 
functional and security requirements. 


This report presents the six conceptual facility plans, as coordinated with the 
Southwest Research project team. It includes, in addition to conceptual facility 
i diagrams, narrative descriptions of proposed building systems, budgetary 
H _ estimates of probable construction costs and a comparative analysis of the six A 
concepts, ie 


It is intended that this conceptual study be preliminary to and esteblish a basis .7 
for a definitive architectural/engineering design program. 


The facility study focuses primarily on requirements established by Southwest 


eo Research Institute during initial investigation of the criteria and project 
requirements. Basie provisions of all concepts respond to requirements for ‘ 
7 storage or warehousing of munitions, handling of the munitions within the | 


! . storage facility, security of the storage facility from accidental or intended 
*| damage or destruction and personnel safety. ' 


i Fach concept was developed around four munitions storage bays or rooms, a 

Munitions maintenance/service room, control room, load out doexs and ' 
contamination con.rol area. Appropriate provisions were then made for 

circulation, support and utilities, Backup utility systems are included in all 

concepts to permit continuation of operations should the primary system be lost 

or fail. 


There are no site related considerations included in this study since a definitive 
site was not identified. Building site preparation and foundation provisions 
were based on readily available information and previous experiences in 
designing foundations for similar facilities in the Houston-Galveston, Texas i 
vicinity, It should be recognized that subsurface soil conditions may vary 

widely within a given area. 


Estimates of probable construction costs are based on readily available unit ; 
costing factors for the type of facility described and adjusted with assumed \ 
contingency factors based on current experience in Houston, Texas. Escalation 
is not included in estimates since the schedule for starting construction is 


unknown. 


Both objectives and subjective factors were utilized in a comparative analysis 
of six concepts to determine the most appropriate concepts for further 
consideration, 
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PART 
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ARCHITECTURAL NARRATIVE 


PART 1 - GENERAL 


The six architectural concepts presented in this description 
and in the drawings in Section One were developed from cri-~ 
teria supplied by Southwest Research Institute and respond 

to requirements identified for function, secur:t and safety. 
Although a preliminary analysis of applicable > iiding, life 
safety and fire codes was conducted, compliancs with theze 
code requirements has been waived by direction from the 
principal investigator for Southwest Research Institute 

in favor of more rigid. requirements fcr security and. fune- 
tional capability. 


2 =- CONCEPTS 
BASIC REQUIREMENTS 


A. Each of the six (6) concepts developed included the 
basic requirements for weapons storage bays 
or rocms, a weapons maintenance room, a control room, 
mechanical/electrical room(s), loading dock(s), and 
air-lock or vestibule, a concamination control (change) 
area and circulation corrisor. 


B. Basic material handling requirements for all concepts 
include a two-ton capacity overnead bridge crane in 
the weapons maintenance room and a battery powered fork 
lift truck for genera} handling and transport of weapons 
units within the facility. Dock levellers are required 
at each loading dock position. 


CONCEPT NO. 1 


A. Space Requirements: Concept No. 1 consists of a total 
gross area of 36,357 SF, with a net area of 18,050 SF. 
Functional areas within the facility are: Weapons Storage 
Rooms (four at 2,520 SF each); Control Room (500 SF); 
Toilets (102 SF); Lunch Room (168 SF); Mainsenance Area 
(2,108 SF); Contamination Control Arca (1,500 SF); Fork- 
lift Cnarging Area (625 SF); Mechanical/Electrical Areas 
(two at a total of 5,768 SF); Vestibule (625 SF); Cor- 
ridor (3,525 SF); and two Covered Docking Areas (3,069 
SF total). 


B. Materials Systems 


1. Walls: The structure consists of specially reinforced 
waterproofed concrete walls, designed to withstand 
and contain an accidental explosion with no structural 
damas2 to the facility. Explosions occurring in 
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the Weapons Storage Rooms or Maintenance Area will 
be contained within that respective space. 


Socf: The roof will be reinforced concrete with 
an elastic waterproofing membrane and protection 
board. 


Floors: Floors in all areas will be hardened, rein- 
forced concrete. 


Ceilings: Ceilings in all areas will be reinforced 
concrete. 


tps 


Doors and Windews: A wire-glass glazed window in 

a hollow-metal frame will be located between the 
Control Room and Corridor. Ali Weapons Storage 

Rooms and the Maintenance Area will have 7’ X 9° 
blast doors. Persornnei doors will be 3' X 7' hollow 
metal doors. daAreas requiring forklift access wiil 
have sliding metal doors, except at the Contamination 
Control Area, where swinging metal doors will pe 
used. 


Exterfor doors will be sliding metal doors, resistant 
to blast and forcible entry. 


Finishes: All interior conntrete walls and ceilings 
shall be painted with alkyd enamel paint and primer. ‘a 


All interior concrete floors shall be exposed hardened 
concrete. . \ 


Metal doors and frames shall be painted with enamel 
paint over factory primer. 


Incustrial machinery, equipment and piping shall 
be painted with linseed alkyd-resin paint and primer. yw 38 


CONCEPT NO. 2 


A. 


Space Requirements: Concept No. 2 consists of a total : 
gross area of 39,200 SF, with a net area of 20,095 SF. 

Functional areas within the facility are: Weapons Storage 

Rooms (four at 32,124 SF each); Control Room (590 SF); : ; 
Toilets (102 SF); Lunch Room (168 SF); Maintenance Area j 


a 
lift Charging Area (624 SF); Mechanical/Electrical Rooms / 
(2 at a total of 5,513 SF); Vestibule (624 SF); Corridor ; 
(4,038 SF); and two covered Docking Areas (3,007 SF j 
total). 


,800 SF); Contamination Control Area (1,500 SF); Fork~ 
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Materials Systems 


1. Walls: The structure consists of specially rein- 
forced, waterproofed concrete walls, designed to 
withstand and contain an accidental explosion with 
no structural damage to the facility. Explosions 
occurring in the Weapons Storage Rooms or Maintenance 
Area will be contained within the respective space. 


2. Root: The roof will be reinforced concrete with 
an elastic waterproofing membrane and protection 
board. 


wr ee 


3. Floors: Floors in all areas will be hardened, rein- 
forced concrete. 


4. Ceilings: Ceilings in all areas will be reinforced 
concrete. 


5. Doors and Windows: A wire-glass glazed window in 
a hoilow-metal frame will be located between the 
Control Room ana Corridor. All weapons Storage 
; Rooms and the Maintenance Area will have 7’ X 9° 
\ blast doors. Personnel docrs shall be 3' X 7* hollow 
metal doors. Areas requiring forklift access shall 
have sliding metal doors, except at the Contamination 
- Contr.) Area, where swinging metal doors will be , 
used. 


Exterior doors will be sliding metal doors, resistant 
to blast and forcible entry. 


6. Finishes: All interior tonerete walls and ceilings 
shall be painted with alkya enamel paint and primer. 


All interior concrete floors snall be exposed, hard- | 
oy ened concrete. } 


Metal doors and frames shall be painted with enamel 
paint over factory primer. 


Industrial machinery, equipment and piping shall 
be painted with linseed alkyd-resin paint and primer. 


7. j$Yandling Equipment: Two--ton bridge cranes are also 
required in each of weapons storage rooms. 


2.4 CONCEPT NO. 3 


A. Space Requirements: Concept No. 3 consists of a total | 
gross area of 43,775 SF, with a net area of 17,538 SF. 
Tunectional areas witnin the facility are: Weapons Storage 
Rooms (four at 2,520 SF each); Control Room (500 SF); | 


Toilets (102 SF); Lunch Room (168 SF); Maintenance Area 


(2,520 SF); Contamination Control Area (1,500 SF); Fork- 
lift Charging Area (600 SF); Mechanical/Electrical Areas 
(three at a total of 4,710 SF); two Vestibules (2,000 

SF total); Corridor (5,500 SF); Lifts (two at 725 SF 
each); and two Covered Docking Areas (2,170 SF total). 


B. Materials Systems 


1, wWalis: The structure consists of specially rein- 
forved, waterproofed concrete walls, designed to 
withstand and contain an accidental explosion with 
no structural damage to the facility. Explosions 
occurring in the Weapons Storage Rooms or Maintenace 
Area will be contained within that respective space. 


2. Roof: The roof will be reinforced concrete with 
an elastic waterproofing membrane and protection 
board. 


3. Floors: Floors in all areas will be hardened, rejue- 
forced concrete. F 


§. Ceilings: Ceilings in all areas will be reinforced 
concrete. 


: 5. Doors and windows: A wire-glass glazed window in 
a hollow-metal frame will be located between the 
Control Room and Corridor. All Weapons Storage 
Rooms and the Maintenance Area will have 7' X 9° 
blast doors. Personnel doors shall be 3' X 7' hollow 
metal doors. Areas requiring forklift access shall 
have sliding metal doors, except at the Contamination 
i Control Area, where swinging metal doors will be 


used. 


Exterior doors will be sliding metal gouty resistant 
to blast and forcible entry. 


Finishes: All interior concrete walls and ceilings 
shall be painted with alkyd enamel paint and primer. 


fon 


All interior concrete floors shall be exposed, hard- 


tal doors and frames shall be painted with enamel 
int over factory primer. 


Industrial machinery, equipment and piping shall 


be painted with linseed alkxyd-resin paint and primer. 


2.5 CCNCE?T NO. 4 


A. Space Requirements: Concept No. 4 consists of a total 
gross area of 48,100 SF, with a net area of 27,436 SF. 
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Functional areas within the facility are: Weapcens Storage 
Rooms (four at 3,266 SF each); Control Room (600 SF); 
Toilets (102 SF); Lunch Room (168 Sf); Maintenance Area 
(2,208 SF); Contamination Control Area (1,500 SF); Fork- 
lift Charging Area (728 SF); Mechanical/Electrical Areas 
(two at a total of 4,661 SF); Vestibule (750 SF); Corridor 
(8,150 SF); and two Covered Docking Areas (9,170 SF 
total). Bridge cranes will be required in the four 
Weapons Storage Rooms and a 2-ton hoist shall be required 
in the Maintenance Area. 


Materials Systems 


1. Walls: The structure consists of specially rein- 
forced, waterproofed concrete walls, designed to 
withstand and contain an accidental explosion with 
no structural damage to the facility. Explosions 
occurring in the Weapons Storage Rooms or Maintenance 
Area will be contained within that respective space. 


2. Roof: The roof will be reinforced concrete with 
an elastic waterproofing membrane and protection 
board. ‘ ; 


3. Floors: Floors in all areas will be hardened, rein- 
forced concrete. 


4. Ceilings: Ceilings in all areas will be reinforced 
concrete. 


5. Doors and Windows:. Wire-glass glazed windows in 
a hollow metal frame will be’ located between. the 
Control Room and Corridor. All Weapons Storage 
Rooms and the Maintenance Area will nave 7" X 9! 
blast doors. Personnel doors shall be 3' X 7’ hollow 
metal doors. Areas requiring forklift access shall 
be sliding metal doors, except at the Contamination 
Contre! Area, where swinging metal doors shall be 
used. . 


Exterior doors will be sliding metal doors, resistant 
to blast and forcible entry. 


6. Finishes: All interior concrete walls and ceilings 
shall be painted with alkyd enamel paint and primer. 


All interior concrete floors shall be exposed, hard- 
ened concrete. : 


Metal doors and frames shall be painted with enamel 
paint over factory primer. 


Industrial machinery, equipment and piping shall 
be painted with linseed alkyd-resin paint and primer. 
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CCNCEPT NO. 5 


A. 


Space Requirements: Concept No. 5 consists of a total 
gross area of 44,020 SF, with a net area of 25,814 Sr. 
Functional areas within the facility are: Weapons Storage 
Rooms (four at 4,800 SF each); Control-Room (500 SF); 
Toilets (102 SF); Luncn Room (168 SF); Maintenance Area 
(1,998 SF); Contamination Control Area (1,500 SF); Fork- 
lift Charging Area (648 SF); Mechanical/Electrical Areas 
(three at a total of 5,060 SF); Vestibule (590 SF); 
Corridor (3,978 SF); two Covered Docking Areas (1,800 

SF total); and two lifts (625 SF each). 


Materials Systems 


1. Walls: The structure consists of specially rein- 
forced, waterproofed concrete walls, designed to 
withstand and contain an accidental explosion with 
no structural damage to the facility. Explosions 
occurring in the Weapons Storage Rooms or Maintenance 
Area will be contained within that respective space. 


2. Roof: The roof will be reinforced concrete with 
an elastic waterproofing membrane and protection 
board. ; 


2. Floors: Floors in all areas will be hardened, rein- 
forced concrete. 


4. Ceilings: Ceilings in all areas will be reinforced 
concrete. 


5. Doors and Windows: A wire~glass glazed window in 
a hollow-metal frame will be located bet«zen the 
Control Room and Corridor. All Weapons Storage 
Rooms and the Maintenance Area will have 7' X 9? 
blast doors. Personnel doors shall be 3' X 7° hollow 
metal doors. Areas requiring forklift access shall 
have sliding metal doors, except at the Contamination 
Control Area, where swinging metal doors shall be 
used. 


Exterior doors shall be sliding metal doors, resistant 
to blast and forcible entry. 


6. Finishes: All interior concrete walls and ceilings 
shail be painted with alkyd enamel paint and primer. 


All interior concrete floors shall be exposed, hard-~ 
ened concrete. 


Metal doors and frames shall be painted with enamel 
paint over factory priner. 


3-25 


iwees aw 


Industrial machinery, equipment and piping shall 
be painted with iinseed alxyd-resin paint and primer. 


2.7 CONCEPT NO. 6 


A. 


Space Requirements: Concept Nc. £ consists of a tatal 
gross area of 49,137 Sr, with a cet area of 25,404 SF. 
Functional areas witnin the facility are: Weapons Storage 
Rooms (four at ",800 SF each); Control Room (590 SF); 
Toilets (102 SF); Lunch Rocn (168 SF); Maintenance 4rea 
(1,€0u SF); Contaminatior Controi Area (1,500 SF); fork- 
lift Charging Area (°76 SF); Mecnanical/Electrical Areas 
(three at a total cf 3.763 SF); Vectibule (650 SF); 
Corridor (6,221 SF); Lift (6:5 SF); and two Covered 
Docking Areas (1,860 SF tota.). 


Materi:ls Systems 


1. Walls: The strueture consists of snecially rein- 
ferced, waterproofed concrete walis, designed to 
withstand and contain an accidental explosion with 
no structural damazse to the facility. Explosions 
occ rring in the Weapons Storage Rooms or Maintenarce 
Area "ill be contained within that respective space. 


2. Roof: The roof will be reinforced concrete with 
an elastic wavercroofing membrane and protection 
board. 


3. Floors: Floors in all areas will be hardened, rein- 
forced concrete. 


4. Ceilings: Ceilings in ail areas will be reinforced 
concrete. 


5. Doors and Windows: A wire-glass glazed window in 
a hollow-metal frame will be located between the 
Control Room and Corridor. All Weapons Storage 
Rooms «snd the Maintenance 4-ea will nave 7' X 9’ 
blast deors. Personnel docrs shali be 3' X 7' hollow 
metal doovs. Areas requivi.g forklift access shall 
have sliding metal doovs, except at the Contamination 
Control Area, where wwirtg 1g metal dours shall be 
used. 


Exterior doors chai Se sliding metal doors, resistant 
to blast and forcible entry. 


Oo. Finishes: Ali interior concrele walls and ceilings 
shall be painted with alxyd enamel paince and primer. 


Aal interior concrete flcors shali be exposed, hard- 
ened concrete. 
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Metal doors and frames shall be painted with en mel 
paint over factory primer. 


Industrial machinery, equipment and piping shall 
be painted with Linseed aixyd-resin paint ani primer. 
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STRUCTURAL NARRATIVE 


PART 1 = GENERAL 
1.1 BASIC CHARACTERISTICS 


Of the six concepts presented, there are four variations 
in location of the structures relative to the ground surface, 
as follows: 


A. Concepts No. 1 and No. 2 are single story dbaildings 
with the finish floor located approximately at grade 
level. The perimeter walls are surrounded 3y an: earthen ) 
derm covered with concrete. <A shallow concrete covered 
earth fill covers the building roof. 


B. Concept No. 3 is a two story building with the upper 
floor level approximately at grade and the bas ment 
level fully below grade (partially burted structure). 
Perimeter walls and roof are covered in the same manner 
as concepts No. 1 and No. 2. 


C. Concepts No. 4 and No. 5 are single story tuildings 
with the roof level approximately at grade and covered 
by a deep earthen berm. 


D. Concept No. 6 is a single story building with the roof 
level located beneath deep earth fill. e 


1.2 SIMILAR STRUCTURAL SYSTEM_ 
A. The above concepts have construction similarities to 


other structures not uncommon in the Housten-Galveston 
area. Below grade sanitary structures, d¢low grade 


a) parking garages, basement levels of multi-story dulldings 
and, of course, the abandoned Coast Artillery gun empiace- 
ae ment at Fort Crockett in Galveston are examples of struc- 


tures with similar concepts. 
PART 2 = SUPERSTRUCTURE 
2.1 BASIC REQUIREMENTS 
A. Because the bulldings are designed to prevent forced 
entry, resist shock loading elther from external sources 


or internal accidents and are to be either varth covered 
or ourted, the construction will te of reinforced concrete, 


2.2 ROOFS 
A. Roofs #111 be of heavy reinforced concrete construction 
. designed to support the earth cover and to resist the 
3-28 


eae ENNNN GB Ae me nen momen 


Ys eee alge 


shock loading. It is anticipated that the roof thickness 
will range from 3 ft. - 6 in. to 6 ft. depending on 

the particular span; the roof slab will be reinforced 
with two layers of steel bars in each direction, and 

in addition, be reinforced with vertical stirrups for 

the shear induced by the snock loading. 


2.3 WALLS 


A. Perimeter wall will be comprised of an interior wall 
approximately 4 ft. thick, a 3 ft. plenum space and 
a2 ft. exterior wall. The exception is concept No. 

4 in which both the supply and return plenum space are 
located above the ceiling of the corridor and part of 
the weapons storage bays. 


B. The portions of interior perimeter wall at the weapons 
storage bays and maintenance bays will he of laced rein- 
rorced concrete construction; these walls could be sub- 
jected to the overpressures from an ‘4. E. accident. 

The remaining portions of the perimeter wall will not 
require lacing. 


C. The exterior perimeter wall and the dock and ramp walls 
will of of conventional (not laced) reinforced concrete 
| construction. 


D. The interior load bearing walls at the weapons storage 
and maintenance bays will be of laced reinforced concrete 
construction; cther interior walls will be conventional 
(not laced) reinforced concrete construction. 


2.4 FLOORS 
A. Concept No. 3, which {fs two story, will have a iaced 
reinforced concrete floor at the upper level; this floor 
is the ceiling of the weapons storage bays. 
PART 3 - FOUNDATIONS 
3.1 GEOTECHNICAL ASSUMFTIONS 
A. Specific recommendations regarding foundation design 
would come as a revult of a geotechnital investieation 
based on sampling and teating of sol. materials at the 


Site or sites selected, : 


» Surface and sudsurface materials in the: Houston-Galveston 
area are predominately clay although the material {tn 


the immediate vicinity of the coast becomes predominately 


sandy. The strength of these materials varies throuyhout 
. the area; for example, bearing capacities for footings 
’ founded at a ten foot depth can range from 2,500 to 
5,000 pounds per square foot or more. If the surface \ 
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materials are very »oor, they can be stabilized with 
hytrated lime in order to provide a better subgrade 

for siabs at grade and pavements. Subsurface materiiis 
can be improved with iime injection. 


3.2 CONCEPT NO. 1 AND NO. 2 (AT GRADE STRUCTURES) 


A. Floor Siab: Sinee the perimeter walls and many of the 
interior walis are subject to shock loading, a heavy 
mat type reinforced concrete floor slab will be used 
to transfer the loads and stresses from these walis. 
The sat will be approximately equal in thicxness to 
the perimeter wall and will te reinforced with two layers 
of sreinforcing steel in each direction. 

Bb. Mat. type floor slabs in the coastal vicinities may require 
piling if the sandy materials do not provide adequate 
support for a slab on grade. 


he slabs at the loading dock and ramps will he 6 49 
in, thick 31a on grade. 


D. Beth rerimeter walls and interior walis are aubfes® 
to extremely high axial loading imposed ty the root 
and the weizht of the wall itself. These loads will 
be resisted by piling, either augered or driven, derending 
on the specific geotechnical recommendations. 


7.3 CONCEPT NO. THROUGH 5 (PARTIALLY OR FULLY BURIED STRUCTURES) 


A. Floor Siab (basement floor only for Concep*® No. 7): 
In addition to transferring shock loading (ani? hac«fill 
loading at the perimeter) from the walls, the mat slab 
also resists hydrostatic uplift pressures. These uplift 
forces are counteracted by the dead weight of the struce- 
ture plus the fill. 


B. The vertical forces acting throurh walis will be distri- 
buted to the rigid mat slab through bending action at 
sites where *.e sguusurface material has adequate hearing 
capacity. At sives where the subsurface material fs 
weak, piling wili be used beneath the walls 33 required 
to ald the mat in resisting the vertical loads. At peri- 
eter walls, the skin friction of the adjacent sail 


io 
will also aid in resisting the vertical loada. 
3.4% BUCYANCY 


A. The ecneeots presented have adequate weight to resist 
the hydrostatic uplift forces with an arproreiate safety 
factor. A final buoyancy check will be haned an inforna- 
tion from a geotechnical investigation and the final 

design. 
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3.5 WATERPROOFING 
A. The structures will havo exterior waterproofing of base 
; slabs, walls and roofs to orevent moisture from permeating 
the concrete. 
3-31 
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HEATING, VENTILATING AND 
ALR CONDITIONING NARRATIVE 
PART 1 - GENERAL 
1.1. BASIC CRITERIA 


A. ASHRAE Manuals: "Equipment", "Systems", "Fundamentals" 
and "Applications". 


B. NFPA 9OA. 


we eee 


C. Standard Building Code. 


1.2 DESIGN CONDITIONS 
A. Outdoor Temperatures: 
Summer: 95°FD3, 30°FWB 
Winter: 28°FDB 
B. Indoor Temperatures: 
i Cooling | Heating 
Weapons Storage 80°FDB, 60% R.H.(max.) 65°FD8 
Corridor, Controi : \ 


Room, Maintenance, 3 : 
Toilets, Lunch Room 7S5°FDB, 69% R.H.(max.) 72°F DB 


Mech@nical and 
Electrical 3 5 
Equipment Rooms 85°FDB 65 


Contamination a 
Control Ventilation 65~FD8 


Cc. Pressure Relationships (Related to Ambient Pressure) 


Corridor +.20" wig. 

Dress Room +.30" wig, 

Shower +.25"w &. : 
Undress Room +.25" wid. e 
Air Loexs +.20" weg. a 
Vapor Hazard +, 1S" wig. 4 
Liquid Hazard +,i10" weg. ° 


Sy 


so} 


1.3 HVAC SYSTEM SCHEMATIC 


A. The following page shows a schematic diagram of a heating 
ventilating and air conditioning system for the faciiity. 
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HVAC SYSTEM SCHEMATIC 


APPROVED: 


B. The diagram shews general system arrangement |but not 
i necessarily the final design solution. 


: PART 2 = ALR CONDITIONING AND VENTILATION SYSTEMS 


“4 2.1 SYSTEM A (AIR CONDITIONING) 


; A. System shall serve weapons bays, corridor, maintenance, 

control room, toilets, lunch room and mechanical and 

electrical equipment rocms. Air handling and refrig- 
eration equipment shall be located in the mechanical 

\ ; equipment room. 


H 
3. System shall be recirculating air type with sufficient ) 
outside air to make-up exhaust from toilet and to provide 
the required positive pressure inside the building. 


C. The pienum above the corridor is enclosed on all four 
sides by reinforced concrete construction. This area 
shall be used as supply air duct to convey air to the 
. four weapons days. A reinforced concrete plenum around 
« the outside building perimeter shall be used|to return 
: air from the weapons bays. 
{ 
D. Air shall be supplied to each bay through a HEPA filter 
t mounted securely in the wall and open to thej ceiling 
: supply air plenum. Air shall be returned from each 
bay through a HEPA filter mounted securely in the wall 
adjacent to the return air plenum. The purcose of the \ 
HEPA filters is to prevent cortaminated air from backing 
up from one weapons bay to the cthers in the event of ; 
an explosion. | 5 
E. Necessary dampers and controls shall be provided to 
=! maintain the indoor building pressure at the! required 
positive pressure in relation to the outdoor’ pressure. 


F. Condenser cooling water for the refrigeration equipment 
shall be supplied from the injection vater well system 
located in the mechanical equipment room. 


2.2 SYSTEM B (AIR CONDITIONING) 


A. System shail be designed to remove the heat rejected 
to the mechanical room by the emergency generator. \ 
Air handling and refrigeration equioment shall be located 
in the mechanical room with the emergency generator. i 


3. System shall be the 190% recirculating air nyes with 
no outside air connections. 


System shall be interlocked with the emergency generator 
so that it operates oniy when the ehergency. generator 
is in operation. 


QO 


2.3 


2.4 


“~ 


PART 


D. 


D. 


Coiled say 


A combustion air fan shall be provided and shall be, ‘ : 
interlocked to run when the gererator is in operatior. : : 
Fan shall supply prefiltered and unconditioned outside 

air to the mechanical room. 


Condenser cooling water for the refrigeration equipment 
shall be supplied from the injection water well system. 


SYSTEM C (CONTAMINATION CONTROL AREA VENTILATION) 


A. 


B. 


A ventilation system shall be provided for the contam- ' 
ination control area. 


System shall ventilate the area with 100% prefiltered 
outside air. ) 


System shall be equipped with supply fan exhaust. fan, 
dampers and automatic controls required to maintain 

the required space pressure relationships in the various 
spaces. 


Heating shall be included to maintain the required space 
temperature. 


Blast dampers shall be provided in the exhaust air duct 
which discharges air from the duilding. Discharge opening 
shall be designed to prevent entrance by intruders and 

to peevent explosives from being placed into the opening. 


SYSTEM D (OUSIDE AIR FILTRATION) @f 


A. 


Provide an outside air filtration system to supply pre- 
filtered outside air for the contamination control area 
ventilation system, main building air sonditioning system 
and emergency generator combustion air fan. 


The intake duct extending out of the building shall 
be equipped with a blast damper. Intake opening shall 
be designed to prevent entrance by intruders and to 
prevent explosives from bveing placed into the opening. 


System shall include an outside air fan which intakes 
outside air and discharges the air through a roughing 
filter, HEPA filter and finally through a charcoal filter. 


System shall be equipned with necessary controls to 
automatically control the volume of air delivered by 
the supply fan to compensate fer increased fan static 
due to dust loading of the filters. 

DESIGN CRITERIA RATIONAL 


CONDITIONING AND VENTILATION SYSTEMS 


| 
Comfort air conditioning is specified for the control Je | 


rocm, maintenance, corridor, lunch room and toilets 

to provide a comfortable working environment for the 
operating personnel. weapons bays and mechanical/electrical 
rooms are also air conditioned. 


B. Consideration was given to ventilating the weapons storage 

bays and mechanical/electrical rooms with outside air 

as opposed to air conditioning. A ventilation system 
would require relatively large volumes of air be taken 

in and exhausted from the building. This would require 
much larger intake and exhaust openings and also a much 
larger outside air filtration system. Large intake 

and exhaust openings would be more difficult to secure 
against intrusion and blast. Air conditioning of these 


areas was selected as the most feasible alternative. ) 


2.2 EMERGENCY GENERATOR AND REFRIGERATION EQUIPMENT HEAT REJECTION 
SYSTEM 


A. Consideration was given to the use o* a remote air cooled 
radiator for the emergency generator and remote air 
cooled condensers for the refrigeration equipment. 
The remote units would de located outdoors and subject 
to damage by intruders. This was considered unacceptable. 


3. Consideration was given to the same type system except 
the emergency generator radiator and air cooled condensers 
would be located within the blast resistant structure. 
The air cooled radiator and air cooled condensers require \ 
large volumes of air to carry away heat rejected from 
the equipment. This would necessitate large onenings 
for irtake air and exhaust air. Large openings would 
be difficult to secure against intrusion and blast. ‘ } 
This arrangement was rejected as unaccectable. 


Cc. The use of a cooling tower was also considered. Pumns 
would circulate cooling tower water between the tower “ 
anc the emergency generator and refrigeration equipment 
heat. This type arrangement was considered unacceptable 
for the same reasons as the air cooled heat exchanger 
concept wa3 rejected. 


D. An injecticn type water well system was selected as : : 
the most dexirabdie means of removing heat rejected from 
the emergency generator and refrigeration equipment. 

A well purp would circulate water through the equipment 
heat exhangers and then return the underground water 
system. The well would also supply the domestic water 
plumbing system. The well equipment could be located 
aithin the blast resistaat structure and inaccessible 
to intruders. ‘ l 
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PLUMBING AND FIRE PROTECTION NARRATIVE 


PART 1 - GENERAL 
1.1 BASIC CRITERIA 

A. Standard Building Code. 

B. NFPA 10 

C. NFPA 13 

1.2 BASIS OF DESIGN 

A. Sanitary waste and vent system shall be designed on 
the "Per Fixture Unit" basis. 

B. Domestic cold water system shall be designed on the 
"Per Fixture Unit" basis. 

C. Domestic hot water system shall be designed on the "Per. 
Fixture Unit" basis. 

D. Portable fire extinguishers shall comply with the require- 
ments of NFPA-10. 

E. Fire sprinkler systems shall be designed in acvordance 
with NFPA-13. 

1.3 OUTSIDE UTILITIES 

A. Fire water and sanitary sewer lines shail peeainate 
five feet outside of the building line. 

B. Extending the utilities beyond the five foot line is 
not included in the scope of this report. 

PART 2 - SYSTEMS DESCRIPTION 
2.1 DOMESTIC WATER SYSTEMS 

A. Domestic cold water shall be piped to all plumbing fixtures 
including lavatories, water ciosets, urinals, service 
sinks and hose outiets. 

B. Hot water shall be supplied to iavateries and service 
sinks. Hot water shall be supplied by electric water 
heaters. 

2.2 WATER WELL SYSTEM 

A. An injection type water well shall be provided with 
sufficient capacity to supply the domestic water demand 
and cooling water requirements of the emergency generator 
and air conditioning system refrigeration equipment. 
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2.4 


2.5 


B. Cooling water for. the emergency generator and refrig- 
eration comsressors shall be pumped through heat’ exchangers 
on the equipment and then returned to the ground. 


FIRE SPRINKLER SYSTEM 


A. A wet pipe fire sprinkler system shall te provided for 
all areas in the facility. The hazard classification 
for tn2 various occupancies will be determined during 
the design phase. Water supply shall be from the main 
base water system. 


B. The need for high volume deluge system in the weapons 
Storage bays may be considered in the design phase. 


FIRE EXTINGUISHERS 

A. Hand held portable fire extinguishers shall be provided 
in the main service corridor and in mechanical and elec- 
trical equipment rooms. 

B. Extinguishers shall be surface mounted on wall brackets. 

SANITARY WASTE SYSTEM 

A. A complete sanitary waste and vent system shall be extended 
to all plumbing fixtures, equipment and flow drains 


and connected to the sanitary sewer main. 


B. Provide a duplex sewerage ejector with sufficient Lift 
to pump sewerage into the gravity sever. 


C. All vent stacks shall be designed to be bomb proof. 
COMPRESSED AIR SYSTEM 


A. A cempressed air piping system shall be provided to 
1 q 3 p 


serve the facility including pneumatic door operators, 
pneumatic tool air outlets and air operated hoists. 


B. A duplex air compressor shall be provided to supply 
compresseu air to the system. 
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ELECTRICAL NARRATIVE 


PART 1 - BASIC REQUIREMENTS 


4.1 GENERAL 


A. 


C. 


Life Safety. Code, and local codes and ordinances.. 


Electrical work shall conform wit.. the requirements 
of the latest edition of the National Electrical Code, 
In. ; 


case of a.aflict, local codes and ordinances shall. govern. 
Materials and equipment shall conform to and be in accor- 
dance wit!. the latest applicable standards of National 
Electrical Manufacturers Association (NEMA),. American 
National Standards Institute (ANSI), and Insulated Cable 
Engineers Association (ICEA) where standards have been 
established for the. specific items of materials and 
equipment. Where inspection categories have veen estab- 
listed by Underwriters Laboratories, materials and equip- 
ment shall bear their label. 


An EMR clean environment shall be provided in accordance 
with DARCOM 385-100, 6-14. 


PART 2 ~ LERVICE AND DISTRIBUTION 


2.1 MUNITIONS STORAGE 
‘ \ 


A. 


2.2 SECONDARY DISTRIBUTION 


A. 


A new substation will be provided in the building. 
Equipment shall consist of a power center 300 KVA try 

type transformer and bolted type air circuit breaker 

substation for secondary distribution. System voltage 

shall be 480 volts, 3 phase, 4 wire secondary. 

The transformer will be supplied from a load break switch 
located in the substation. : 


The primary service feed from the utility to the sub- 
station will be installed in concrete encased conduit. 
Cable will be fire proofed whenever exposed. 


The transformer will be sized to provide 100% spare 
capacity. . 

The substation will suppl, power *c the parking lot. 
lighting. 

The estimated total connected load for the substation 
will be 157.5 KVA. 


Secondary distribution within buildings will te at 480 
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volts. Generally, HVAC systems will be served at 4890 4 
volts and the fluorescent lighting system at 120 or i 
277 volts. 


B. Dry type transformers will be installed to provide 208/120 
volt service for lighting convenience receptacles and 
miscellaneous equipment. 


C. Seccndary distribution, 480/277 and 208/120 volt systems 
within buildings, will be wire in conduit and circuit 
breaker panelboards. 


D. Equipment used to distribute nower to loads shail be i 
480 volt, 3 phase, 3 wire motor control centers, 480 ; 
volt, 3 phase, 4 wire power panels and 208/120 volt, 

3 phase, 4 wire lighting and receptacle panels. All . ) 
motor control centers power panels, dry type transformers 

and lighting nanels are to be located in separate rooms 

for electrical equipment. 


E. Ammeters, voltmeters and KWH-demand meters are to be 
provided in addition to atility metering. 


PART 3 - LIGHTING SYSTEMS 
3-1 GENERAL 


A. Lighting systems will conform to engineering practice 
using standards from the Llluminating Engineers Socieity 
handbook as guidelines. 


B. Systens will utilize enersy efficient light sources, 
Lamp life and ease of maintenance will be given effective ae 
con3s.deration. 


C. Roads, rairking, and walks will be ftllum{nated to approx- 
{mately 9.5 footcandle on roads and 2.0 footcandle on 
parking and waix areas using high pressure sodium as 
a light source. 


D. Control room will be illuminated to approximately 75 
maximum footcandies using 2' x Yt fluorescent fixtures. 
Fixtures will be switched locally providing a multiple 
levei of lighting, Generally, three lamp fixtures willl 
de used with center lamp and two outside lamps switched : 
sepirately, 

E. Maintenance will be illuminated to aporoximately 90 
Tooteandies using Pluorescent fixtures, switched locally. 
Multi-level Lighting will be provided. 


F. Warehouse areas will be 


illuminated to approximately 
30 footecandies using Ciass [ Group D, Class [1 Group G, 
Division 2 light source fixtures. 
je44 
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4 = MAINTENANCE AND CONTROL 


Gene.:1 and miscellaneous areas will be considered on 
an lindividuai basis. Special attention and treatment 
will be given to all areas. 


Emergency lighting will be provided to insure safe egress 
in ease of power failure or under other emergency condi- 
tions. 


GENERAL | 
A. Eleettrical services and outlets will be provided to ) 
service maintenance equipment as required. 
B. An emergency generator will be provided to service selected 
areas and control equipmen. in the event of power failure 
or other emergency. Equip with diesel fuel day tank, 
underground Stuta,w: tank, heat exchanger and engine 
exhaust sytems. 
All| systems and ecuipment will be provided with grounding 


Cc. 


conductors. 


5 - AUXILIARY SYSTEMS 


GENERAL 


A. 


| 

Auxiliary systems will be provided complete for the 

following: ; 

1, | Fire alarm system, ' 

2. :Closed circuit T. V. surveillance system at control 
!room. 

3. iA low level distributed sound system, fully equalized 
twill be provided for the building. 

4, . Computer terminal system will be provided. 

5. ; Security monitoring will be provided through door 

6 
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‘monitors, sound detectors, motion detectors as required. 
» | Individual systems for sensing environmentally hazard 

ous chemicals. 

| Safety monitoring of storage rooms will be provided 

with pressure monito.s set for 5 pst. 


An empty eenduft and pull vox system only will be provided 
fori telephunea system. 
| 


Auxiliary systems will be connected to the emergency 


generator system through a uninterruptable power supply. 
| 
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PART 6 - LIGHTING PROTECTION AND STATIC GROUNDING 
6.1 GENERAL 


A. Lighting protection system in accordanew with DARCOM 385- 
100 and NFPA 78 will be provided. 


B. Static grounding system in accordance with DARCOM 385- 
100 and NFPA 77 will be provided. 
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ESTIMATES OF PK + 


Concept 1 Concept 2 


item Deseription Unt vost Quantity Cost Quantity Cost. Qe i 
L Genersi Conartions 7% $ 651,608 $ 738,500 
2 Ausiding Rartrwoek : 
A. Excavation $$.c0r CY 18,909 CY 108,900 29,160 CY 163, 3¢0 Ve 
B. Fst de Subyrade Pres. Tt EY 290,500 CY $9,100 20,600 CY $9,100 3: 
3. Concrete Work 
A Concrete 51.53 CY 72.630 CY 1,440,000 17,460 CY 1,747,300 A 
H. Forms 1.75 SF 2A6, 124 SE : 510,009 346,514 CY 606,400 3543 
7 Keinforeing Stee! 1,282/ Ton 2,534 Tons 3,223,100 3,097 Tons 3,903,709 Mag 
D. Prirgs 1,009/ Fa. 400/ Ea. 409.900 483 Fa. 482,700 4 i 
40 Masorey 1 
‘OA, framing 4.250 Ton 4 Tons 5,906 7.9 Tons 9,900 , 
B. Raitng, Etc. wooUF 50 LF , 509 50 LF $00 ) 
A Woot We Piast 3s . 
7 Ther oat Soostume bro 7.10 SP 36,400 SF 745,000 39,200 SF 317,500 . 
4  Tawees GAL tows : 
Ao ast Ueees 138,500) Ea.- Sea: $52,000 3 ha. 693,000 
u a 3.0000 Ea. 2 Ea, KR AN0 2 Ea. 14,900 
* ce es 203 ba. 19 ba. ye ieo 20 Ea. 40,100 
o, iow Metal Doors 4o0 Ean. 3 Ea. 3,203 3 Ea. 1,200 
be Rip tOows 7 ee re 33 SF 400 33: SF 400 
bl arieare $900 Let 4 bot ; 5,000 1 Lot $.000 . 
Sie 3.a5 SF 16400 SF 149 00u. 39,200 SF 154,900 tee 
Lo Sp. PIuweO" Lot 1 Lot 12,008 1 Lot 12,000 
Vo Equaprrent 
i Lage work : ws LE e260 my tee 126 LF . 22,100 
Doe Lewekiety RTP ae Fe 4 Ea. 14,409 4 Ea. 14,4800 
Tl bares tangs : 
130 Special Constrie tion 
V4 Convey ue Systerns 
A. Howts, Preaumatiec 4.509 Fa, : 1 Ea. 4,500 1 Fa. 4,500 
Bo Lifts, Mvdrauhe 40,000, Fa. - 2 7 s : \ 
C) Bridge Crane: 5 sure; be. - 1 Fa. $,000 
15) Mechanical @ 
A. Heat., vent. & ALT. Sys, 
1. foreet Bepansion Svs. 3,000, Ton 16.3 Tons 110,400 /37.6 Tons 412, 800 
2, Free Kiew Vo Sw. $40) Ton 13.8 Tons 11,900 14.1 Tons 1t, 30g H 
Y Contam, Cent, Veet. Svs, 3.91 cFM 7.400 CEM 739,900 7,520 CEM 29,400 ‘ 
Qo AG Faultvation Sas, rigs CEM ayn CFM 78 900 080 CEM 78,800 
- A opherg. ver, Vent A . , 
; Cool. Sys 6.300 Sys 1 Svs. &,500 1 Sya 6,300 
5 HY 5. ‘alaneing S Start-ut Lump Sum : 11,400 : 11,400 
RK Plusing Systers 
1. Ave Comsre soe Sys. 6,000/ Sys. 1 Sys. _ 5,900 1 Sys. 4,000 
iS 2. Darestie Prong 4 Fiat. 36.63/ LE 1,000 LF 7,000 “1,030 LF 17,900 i 
3 Peporeter brain Svs 2 LF 920 LF 21,200 940 LF 21,600 te 
' Water Well S.stet 295,000° Fa. ) Ea. 295 000 1 Ea. 208 ,000 
: D ture Protretian Syste t Vjae nF 24,9090 SF 32,200 21.160 SF 32,700 
1 16 Syectrreni 
| AL Hass iieet Service JARI. SF 36,100 SF 1,414,900 39,200 SF 1,523,790 4 
8 uRghure woe MF 34,400 Sr 27.300 39,200 SF 29,400 ! 
> for erg. ceners tae Svs 203! SF 36.400 SF 73.900 39,200 SF 79,600 4 
UPS lid. SF jH,AG0 SF 77,900: 39,200 SF 53,900 ‘ : 
Eo Fire Alarm % Monttor Sys. LT). SF 3K.400 SF 18, $00 19,200 SF 27,800 : 
Suv total , §T7TST. 500 TY, 196, 50 : 
wa entragtoes Mateo 783,500 903,790 
Sant td TST tS THe TS 
Pa Deg on tingerey 1,883,700 1,830,000 
Tatang Extrem tnet et bE TURE (le $17,730, 508 
Tome: Syuate Fee cage 36,387 39,700 
Pst tee Square fowl $ 334 $ 348 
28 Yome (fe. vai Mt 
Hun ore $14,276,000 $16,597,000 
Eau nett 2948 600 222,000 
bites 902,0C0 93c 900 
eink TESST SAIL) STITT 508 
Qegyte commeton in 1984 3-47 
wots Se eee ; : 
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~ 


aA 
WUTES OF CROP ABLE CONSTRECTION COST 
Caper st a Voneegt 5 Concept § 
Tost Qua tity vais quant. ass Quantity Tost Quant.ty , Cost 
“74M 500 4 eel lat ‘ s4koarg ‘ s31. 400 $ 868,900 
3.24 aed CY ry, ioo re [29,800 49,000 7Y 274,400 az.3s7 CY % 461, 200 
49,100 22929 CY ape Buen ok 48300 SOM WY aa,iv0 51.946 OY 148,800 
Wot ty beret eal Woda oy Tobe ed 30,525 CY 30.950 CY 1,99, 400 
384470 SE sre gn 592.730 oF Shu sud 388,065 SF 190,460 SF $A}. 300 
Ce, 4508 Tons 3.948 00 Mall fons 4,337,500 3.442 Tons 3,490 Tons 4,464,500 
$82, 700 $14 Ea a4 800 SYl iA 432.006 525 En £35,300 $43 Ea. $47,300 
+ 4.400 4 Tons 4M cao wre 7.9 Tons S, 900 3.4 Tons 4,200 
5c 0 UP may PO ees se sore $00 30 LF Jou 
39,596 SE et Et yaaa st aang 49.227 SF 403,500 94.555 LF 4$0,000 
et Re a 5 Ex CRO vita, Ck SoFa. 431.500 3 Ea. 493,000 
$18,069 are. "6050 lia why 8 er) 16,450 1 fa. 4,000 
140,190 U8 ER hte Ltn 44 t4e 13 ta 3.300 27 fa. $4,109 
| 1,200 dba. V.s0e ita 1.ia 3 fa. t.2v0 3 Ea. 1,200 
| aon 1 SB fea 1) St 400 32 SF 33 st 400 
‘yy, aco + Lot 4,700 S hait +900 t Lot 1 Lot 5,900 
| 191,900 JAent SE: Pa) Iu SE yaa. 100 34,512 SF 33.786 SF {30 900 
12,0€9 1 Le: Us ara rrone 1 Lot 1 Lat 12,000 
= 
22,100 VR OLS yy yren “sit aretha 1a LE r2,270 ao LE 14,960 
4a, 800 ata. 4.ana dius taco 4 Ea. 14,300 2 Fa. 4a7 
4,500 1 Fa ttue fa 4,500 1 fa. 4,559 1 Ea. 4.500 
Fs loka 4 snen tan aa “a . is t Ea. 40900 
3 5,000 
f 
\ 
| 112,300 49 Tons ee doers Pik aed to Tens 42 Tons 126, 0U0 
y 14,300 i+ Tons ah pet tons po 6oH 15 Tons eon 15.3 Tons t2.490 
» 29,400 ROO EM Mpg rant! a yi.ao 00 CEM 41,209 4,400 CFM 32,300 
/ $609 7,800 CEM Fut os frees a dan Tow CEM 93.6049 7.875 CFM 37. 800 
6,300 i Svs ue at ae 1 Sys. ® 300 1 Sys. 5,300 
| 41,409 Powe ayer - tree : 17,000 
. ‘ 
! 4,000 1 Sys. Sou swe fee + Svs. 8,900 1 Svs. & 900 
ei 3e,900 1,169 LF aye ‘ods a2, Jou 1290 0 49,300 1.155 LF 42.300 
$11,600 1,909 LF on Se eee “asa 1.690 LF 23,009 1.050 LF 24,290 ‘ 
205,000 ' Ea : : bora ris cn 1 Es. 25,000 1 Ea 295 90 : 
Cd) ML EU BS 4.4 Lens? yee 6,000 SE 34,000 27,300 St 34,90 ; 
23,700 a4 2 at SE 44,020 SF 2.738.020 49,137 SE 1,91, 000 cs 
29,400 wales B 14,020 SF 33,060 49,137 SF 36,900 : 
79,600 pee SF 44,029 SF 49,400 49,137 SF 99,799 2 
93,900 fate SP 44,000 SF 44,790 49,137 SF 108,100 . } 
27,300 WES ok Ne 44,005 SF 31,300 $9,137 SF 34,900 , 
195, 5 | a iT 345 IHG 
62,700 Pntr. 260 1.052, 400 i 
rye JOR TT 73S, oF ear ee : 
yin .0u0 2,099,900 2,.591, 0 4 
+07 134 373, Ot, 909 SCI COMET ; 
“34,200 tira yer 44,920 49537 t 
y5e $ a $ 34a $ 249 $ S34 
$iT se" sue SiR Oty can $0 779 600 $18 N82 S00 
Os ee hee 244,006 sty ue ) 
aye Teen eee 1.075900 { 
Heat 4 Ca gage [Sc T BEL 
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COMPARATIVE ANALYSIS 


The following table presents a comparative rating of the six facility concepts 
using six separate comparison factors. Three of the factors: efficiency, Life 
cycle cost and total cost are strictly objective, while the other three factors 
are subjective, requiring judgement and knowledge of project objectives to apply 
ratings. In erder to minimize anv tendencies for bias ratings, the BJI project 

team applied the ratings independently and developed averages to arrive at a ' 
single rating for each subjective factor. Explanations of rating factors fol- 

\ low the table. 


Based on total ratings for all factors and the rating scale: (lowest total equal ‘) 
best rating), Concept No. 1 is the most favorable solution, Ccacept No. 3 ts 
second and Concept No. 4 is third. 


COMPARATIVE RATING TABLE 


RATING FACTORS CONCEPTS ‘ 
No. Lk No. 2 No.3 No. 4 No. 5 No.6 
Efficiency (Net-to-Gross ‘ 
‘ Area Ratio) 5 4 6 2 1 3 
Life Cycle Cost 1 4 2 3 5 6 
Total Cost L 2 3 5 4 6 
«@ 
Function 1 5 2 3 6 4 
: ‘ ) 
Security 3 4 2 1 5 6 
Safety 1 ; 2 4 6 3 5 
TOTALS 12 21 19 20 26 30 ; 


Rating Scale: Highest = 1; Moderate = 3-4; Poorest = 6 


1. Efficiency is defined as the “net” assignable area in relation to the “gross” 
space and is calculated by dividing the total net square feet by the tctal 


F . 
gross square feet. i 


Efficiency = net square feet 


gross square feet { 


Net square feet (area)is the area assigned for facility operation and in- Rds 
cludes circulation within a functional area, but not vutside of it. There- 

fore, corridor and vestibule areas are exclude... Also, mechanical/electri- 

cal space is excluded. Gross square feet (area) is the total area within 

the building including structure, partitions, hallways, building support 

areas (such as mechanical/electrical areas, plenums, etc.) and toflets, 2 ' 
also including 50 percent of tre covered dock area. et! 21 
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Life cycle cost includes the 25 vear cost of maintaining and operating 
the building and equipment. 


Total cost includes the price for the facility constructior including all 
architectural, mechanical, electrical, plumbing and structural. 


Function is based on how well the building plan meets the "program" cri- 
teria. Involved in this analysis are considerations concerning building 
configuration (Dees the "plan" lead to spaces lareer than program require- 
ments?), and the need for special equipment or conveving systems (Does the 
type of weapons storage or building configuration require additional cranes 
or hoists in order to perfrom the facility's function?). ; 


Security is determined by facility accessibility and internal controi. 


Safety is rated both for personnel egress and internal safety in case of 
a hazard. 
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APPENDIX 4 


DESIGN DRAWINGS 


' 


~ 


Plan and section drawings for the six baseline munition storage 
facilities are contained in the envelope attached to this volume of the 
report. 
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CONCEPT DESIGN 
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joads on fifth wheel are for limited a Per as aaa ahaa 95 fh 4 in 4, 
MRIG, and MRI9 94 ft. 10 in 
croas count operation. i 
FY: Ope ; MBIT ane ek at ian aie Sbcnhe . 80% 2 in i 
B-4 MMS ssrehiacad gansta croks 4 78 ft 8 in. i 
M2 Soke das, sag lupe tess oe eedinn ts 95 ft. Tin ; 
. co Rgrigermest, | 
ON ol cs Ad oS onion oo - ‘ 7 > #4 anaes cee FO 
, 


cet oe ne le aim a Qa 


ae ce 2 . : 
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¢. Capacities. 


Cooling system ......... voce ee ee 42 qt, 
Crankease: (wet refill) .......... 23 qta. 
Oil filter 2.0... ee teeeee 2 gt 

Differentials, each ........... oe 12 gts. 


Transmission w/o power takeoff ..13 pts. 
w/ power takeoff ...14 pts. 

Transfer w/o power takeoff ...... 5 qea. 
wi power takeoff 


Fuel tank: 
M813, M813A1, M814, M81S, 
M819, M820, M820A1, M820A2, 


and M821 Deeg Ste ewes edataes 78 gale 
MIG! occ cetuaieuncs ha bbek cota 133 gale 
M817, and M818 ...............,. 110 gais. 


d. Performance. 


Maximum speed .............00., 59 mph @ 2100 
Makes waa: 
Fording cepth: 
With fording kit installed ...... . 78 te 
Without fording kit ........ sandra. 9% In. 
Midaship winch capacity (max) .... 20,000 Ibs. 
Front winch capacity (max) ...... 20,000 Ite. 


Maximum towed load (on highway): 
All models except 4818, and 


a MOIS iene cai ead ees ofa sieintase nan 30,000 tbe 
(pintle) 

MBB ico shdAstotatenams eee ce $8,000 lbs. 
wheel) 

M819 0... i sb. Se Spar orayenbcay Sane aeons 46,000 los. 
wheel) 


° Maximum ‘owed load (off highway) : 
All models except 4818, and 


WONG ioe io ga hveeveees Wee Seaty eaten 15,000 Ibe. 
¢ (pintle) 
M8igo......, WS tibase PNGie adie ata lse.d 20,000 ios. 
wheel) 
B19 interes Semtald de x3 30,000 tbs, 


wheal) 


TM 7 -2320-260-'0 


Apt 1970 


(fifth 


(fifth 


(fifth 


(fifth 
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e. Tire Pressures, 


Righwsy (psi.}: 
M813, MBISAl, M8t4, 4816, 
M817, and MGB .. 


M819 .......... a Sieaald-erarerearerearet nce 

M820, M820A1, and M&20A2 ......90 : 
: MBO) cccieniewsactona oe decwites igs j 
Cross country (psi}: . 

All models ...... Epi ene eine Reek $s 
Mud, sand, and snow (pri): 


All models ....... te eee ee 18 


f. Electrical System. 


Batteries (four connected In series-parallel) 


Model. iidisvbssses ci teecsewes ieee 6TN23 ; 
Voltage (each) ......002.... 2008. 2 
Ground .............. etc otsipieres negative 


g. Cooling System. 
Surge tank filler cep: ‘ 


Opening pressere ...... taercervan Tt psi 

Thermostat: : @ 
Starts to open at 0.0.0.2... 160°F. ‘ 
Fally open oo... ee eee ee «2. 185°F, \ 

h. Brakes. 

Service brakes: ‘ 
TY DG. oevicts eke ders wi whaceeas weeoes Altehydraulic : 
Brake pedal free travel ...... eoeee 1/4 to 1/2 in. | 

Hand brakes: : a 
Location ...... ..... Lesieaeiace cetekt transfer rear out. z 

put shaft 7 


i. Front Winch, 
Capacity oo... eee 20,000 ibe. 


Cable length: 
All modele except M816, and 


MSU: cee caavade see two Wee tdaes 200 ft. 
MB18, and M83 20. el. 280 ft 

}. Rear Winck (MR16). ‘ 
Capacity ........ cee eeee eee +2. 45,000 Ibe. ¥- 
Cable length 280 _ 


er 
k. Midship Winch (M815). 


Capadity. ooo ote: Nake vedean 20,000 Ibs. 
Cable length ....0.0000000.00.008 200 ft 
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CHARACTERISTICS 
Cree. : 
ff Parmneer, 
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stz Computed grade abil in lowest : 
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333 Wie yower taneoff . MESA Sele te vewlos cakes ost og cous. token 8 -pereent 
iasty? Tranefer Pee a Turnine rad: 
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: = Wineh worm housing ....-. Wiloowal cucbucs 
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"Sa, Manufacturer .. M35 oo cece ene. 
Tope .-..-- aon -eAtrshydrauire MBSAL .cccceeeee 93 mpe (raslinel: 9.7 wpe ICIE fuel): 
sant Parhinw, type aeonecennn Transter 11S moe (diz) 
355i anne: Crumne range: 
“ MIS truck: we eeeemneweennes -snccweeee nen $0 mile 
a! 3 Manufacturer: . 
43 Reo Motors Ine .....2.. 2+ --Model OA-381 
3 Cantenental . ~-Model COA-381 
: Tye penn -eene wocens an Gasoline, valveinedead d-crele 
| Number of cylinders . tin tines 6 Fording denth. 
Dispinecment ... 2331 cu re. WTORGING MIR oo. een eee ene eee me ene ene nm ecmmeeewe 2 (hy 
1 Bore .....----..- oon enced In. We fordin€ BI can ceemew mene ewe wee en nee en terre nndé in, 
, Strome .. mecesennscennn th 1D. Tawed ‘oad: 
} Compression ratio ... ne acenenncerecsnenensoneee6.73:1 Hie wey 22 one enon eee noe nee pee mene nee 10,000 Ih 
Governed 1006d 2.02.22 non enn ewnnnwenneesnnee= 3.608 rome CreseCOURTY 222 nme nee cow annn eens coeen wnre en nemevee on 6,000 1D 
Brake horsepower ‘evatd accessories) ....146 @ 3.400 rom SIPMENT 
Torque ‘w/std aceassorien) ...-.0.-0248 ett @ 1.400 rpm Besie-i itaenia? PACIEMES 
MANAL ctrven; Mas See TM Soaet2, cS 
Manufecturer .. ---Cantinental Model LDS-477-2 Mitaiccsey TM socsve ssi’ 
muitifuel compremionenition ba s aioe 
atin tines 6 INSTRUCTIONAL MATERIAL 
--427 ca in. STORAGE AND SHIPMENT DATA 
8128;"t8- Within Continented United Stetes 
ere ewes ances a STS 1a. Shipped 1 trech, uncrated WiWined W/o Wine’ 
Caomoression ratio ..... wee nennnnnewecnn renee $28.1 MSS 
Governed speed 2221. ae nen e enn nen ene nenn en 2.300 rpm AIAN oon cee n enone eww een neete ema ee enZTt In. 
-s Beane horewcower (w/std accemories.....14¢ G 21606 rom width in. 
Torque (w/md eceresories) ..2.....340 lett © 1.400 rome Mevente in. 
Trenemissen: Volume 
’ Manulacturer: 
M33 waeeeeSpieer Mfg Co.. Wodel 30$2 
Spicer Mfg Co., Model 10524 
| Gear rata: 
Higa: 
M3S ooo. 3 as 
MASAL 1 rental United Seares 
Bdipped { imes. wWeWineh Wea Whee 
Tranater: i 
Manvfacturer: 
MBS -n0. coon ‘Wisconsin Axia Div.. Model T-196-10 
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* { Speeds 2221s ot oen a ckenetecatdenanthanosmnseenne 
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| High: 
a Ms 1 
Misa! i T™™! #2320-208. 
Lae: USP. TM &2320-200-19P. Ta &A072, Tuc. 
MI 4 bocce astvealedce'del 9st 182A, TM M4001, TM %4615, TM 94625, Tt 
WSSAL oo enone. PPerrns er ) bal $8647, TM 9-2920-210-34. LO $-2320-7206-12. 
Live axle. CY DO 22... een ew ener enn lOubim reduction. full-foating 8-7 MIBAL~TM $2320-235-16. TM tie-215-09. TH 8. 
Body MrWO 80068 22.1. n sone w eee enn ene eemnenn nnn ene tbs cw 232%.23S-20P. TM 9-7320-235-34, Tit 02574. 
Wineh cnpecty 2... Jt cecasusseseocnmoansancensesee! 0,000 (56: %35-26P. TM 2 7306-223-20P, LO +-2320-725- 
CR MNMIE oon none 2 ere ee cn enn n ee en eene nn aencwcewncs nce cncene ts 1@, 
* * - Sanemmnantineath Fi theal eee ete ee 
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